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Abstract 

OB3ECT: To simplify the process of 
forming an electrode. 
CONSTITUTION : A cut is formed in 
upper insulating film 2 of liquid 
crystal film 1, and this insulating 
film is peeled off along the cut. As a 
result, it is peeled off - along with 
underlying liquid crystal layer 4 - 
from conductive film 3 on the lower 
insulating film. 

ADVANTAGES: Productivity is increased, problematic air bubbles are e.iminated, and a larger 
light control region is obtained. 



TlTthe context of a method of forming an e.ectrode on a liquid 

.nsultfng films are provided, via intermediate conductive films, on the top and 

bottom surfaces of a liquid crystal layer: 

a method of forming an electrode on a liquid crystal film comprising: 

forming a cut in the upper insulating film along one marg.n of the l.qu.d 

off the insulating film a.ong the cut on the side on which the e.ectrode is 

t0 '^peeling off this upper insulating film, with the liquid crystal layer sti.l 
adhering to its .ower surface, from the conductive film on the lower insulatmg film. 
2. The method of forming an e.ectrode on a liquid crystal film set forth in > clairr , 1 
herein the total thickness D of the conductive film and the msulat.ng film m ,.100 
Z tso microns; the thickness E of the liquid crysta. layer is 10 to 20 microns; and the 
value of D-Dc, where Dc is the depth of the cut, is 20 to 50 microns. 
Detailed Description of the Invention 
Industrial field of utilisation 

(!) This invention relates to a method of forming an electrode on a ^ 
and in particular to a method of forming an electrode on a hqu.d crystal film that » to 
used in light control glass [3] wherein a liquid crystal film .s provded, v,a 



20 be 



intermediate films, between a pair of glass sheets. 
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Numbers in square brackets rtfer to Transator-s Notes appended to the transition. 
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Prior art 

(2) The liquid crystal film that is used in liquid crystal based light control glass is 
constructed by laminating a polyester (PET) film onto the upper and lower surfaces of 
a liquid crystal layer, the PET film having first been coated with a conductive film of 

S indium tin oxide (ITO). Electrodes for driving the liquid crystal are formed on the 
upper and lower ITO-coated insulating films (the PET films) of this liquid crystal film. 
The conventional method of forming electrodes on a liquid crystal film is as follows. 

(3) Liquid crystal film of prescribed rectangular shape is cut out from a roll of liquid 
crystal film. The upper ITO-coated insulating film of this liquid crystal film is peeled off 

io and folded back along the part where an electrode is to be formed, and an acrylic 
monomer - which is an insulating material for preventing short circuits - is injected 
between the two films along the folded-back part. After air has been removed 
following this injection, the upper folded-back ITO-coated insulating film is cut with a 
cutter and removed. Due to its elasticity, the cut margin of the remaining upper ITO- 

is coated insulating film springs back and adheres to the acrylic monomer. 

(4) Next, the cut part is covered with blasted Mylar [4] and the acrylic monomer is 
made uniformly thick by being rolled. The acrylic monomer is then cured by being 
irradiated using a UV lamp. After this, the blasted Mylar is peeled off. This results in 
any acrylic monomer resin protruding from the cut part being peeled off and removed 

20 from the lower ITO-coated insulating film along with the blasted Mylar. The surface of 
the conductive Him (i.e., of the ITO film) on the lower ITO-coated insulating film is 
thereby exposed. Masking tape is affixed on this exposed conductive film, with an 
opening at the location where the electrode is to be formed. Silver paste is applied to 
the opening and after its thickness has been made uniform, the paste is dried, 

25 thereby forming an electrode. 

Problems to be solved by the invention 

(5) However, in the above-described conventional method of forming an electrode on 
a liquid crystal film, because resin is injected to prevent contact between the upper 
and lower ITO-coated insulating films in the region where the electrode is to be 

30 formed, several additional steps are required as well as resin injection, including film 
cutting, bubble removal and resin curing, with the result that the efficiency of the 
electrode formation operation is low and much time and effort is spent. 

(6) Moreover, insufficient bubble removal has given rise to functional problems when 
applying the safety glass, due to residual air bubbles having migrated inwards. 

35 Another problem that has been encountered arises because the part where resin has 
been injected does not possess any light control capability. As a result, there is an 
increase in the size of the region in which light is not controlled, the full area of the 
light control film is not utilised effectively, and the resulting product is unavoidably 
larger and hence has less commercial viability. 

40 (7) The present invention has been devised in the light of the aforementioned 
shortcomings of the prior art. It is an object of this invention to provide a method of 
forming an electrode on a light control film, which method offers the following 
benefits: processing is simplified without causing short circuits between the upper and 
lower ITO-coated insulating films; the electrode formation operation is performed 



ef h 



21-DEO2001 11 = 56 FROM IHWlectual Prop TO 900178WI64100 P. 13 



efficiently; productivity is increased; the problem of air bubbles is eradicated; and the 
light control region ts increased. 

Means for solving problems [5] 

(8) In order to achieve the aforementioned object, the present invention - in the 
5 context of a method of forming an electrode on a liquid crystal film wherein insulating 

films are provided, via intermediate conductive films, on the top and bottom surfaces 
of a liquid crystal layer - comprises forming a cut in the upper insulating film along 
one margin of the liquid crystal film; peeling off the insulating film along the cut on 
the side on which the electrode is to be formed; thereby peeling off this upper 
io insulating film, with the liquid crystal layer still adhering to its lower surface, from the 
conductive film on the lower insulating film. 

(9) i n a preferred embodiment, the total thickness D of the conductive film and the 
Jjllg insulating film is 100 to 150 microns; the thickness E of the liquid crystal layer is 10 
fig! to 20 microns; and the value of D-Dc, where Dc is the depth of the cut, is 20 to 50 



15 microns. 



Working of the invention 

(10) By forming a cut of suitable depth in the upper ITO-coated insulating film and 
peeling off the upper ITO-coated insulating film along this cut, the upper ITO-coated 
insulating film is peeled off and removed, along with the liquid crystal layer, from the 

20 lower ITO-coated insulating film, whereby the ITO film on the lower ITO-coated 
insulating film is exposed. An electrode is formed on this ITO film using silver paste or 
the like. 

Embodiment 

(11) FIG, 1 is a cross-sectional view of a liquid crystal film to which the method of 
is forming an electrode according to this invention is to be applied. Liquid crystal film 1 

comprises insulating film 2, of polyester or the like, laminated - with intermediate 
conductive films 3 of ITO or the like - onto the upper and lower surfaces of liquid 
crystal layer 4. By way of example, liquid crystal film 1 of this sort is formed by 
arranging two integrally -formed ITO-coated insulating films (made of PET) with their 
30 ITO coatings facing inwards towards each other and separated by spacers, and filling 
the interior space thus established with liquid crystal material. 

flJIf (12) The no-coated insulating film used is one whose thickness D (i.e., the total 

thickness of insulating Film 2 and conductive film 3) is 50 to 250 microns (urn) and 
preferably 100 to 150 >im. The thickness E of liquid crystal layer 4 is 5 to 30 urn and 
35 preferably 10 to 20 urn. A cut is formed, by means of cutter 5, in upper insulating film 
2 of liquid crystal film 1 of this sort, along the part where an electrode is to be 
formed. 

(13) Writing Dc for the depth of this cut, the value of D-Dc is 0 urn to 70 um and 
preferably 20 to 50 gm. If the cut goes deeper and the value D-Dc becomes less 
40 than 20 >xm, then during Che cutting process the tip of cutter 5 may - due to 
variability in cutting precision — reach conductive film 3 that has been coated on 
insulating film 2 and may scratch or damage this. Such damage to upper conductive 
film 3 can lead to shorting between interior portions of the conductive film [6] and can 
cause sparking, etc. 
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(14) If the cut goes deeper still, the tip of cutter 5 may reach and damage conductive 
film 3 of the lower ITO-coated insulating film. Such damage to the lower conductive 
film - which is the surface on which the electrode will be formed - can lead to the 
resistance of the conductive film becoming abnormally high, or to poor connection to 

S the electrode, with the result that the effective voltage is not applied to the liquid 
crystal. This leads to defective operation. 

(15) Conversely, if the depth of the cut (Dc) is too shallow and the value of D-Oc 
becomes greater than 50 urn, then when the film is peeled off along the cut (in the 
manner to be described below), it may not peel off smoothly, the cut section may be 

10 ragged, which hinders subsequent processing steps, and peeling may occur also on 
the side of the cut on which the liquid crystal is intended to operate, which has an 
adverse effect on the operation of the liquid crystal. It is therefore desirable to ensure 
high-precision control of the depth of the cut into the ITO-coated insulating film by 
cutter 5, so that the value of D-Dc described above is between 20 jim and 50 urn. 

15 (16) The inner side (i.e., the side on which the liquid crystal will operate) of the liquid 
crystal film on which a cut has been made in the manner described above is held 
down along the cut by a hold-down member as shown In FIG. 2 [71, and the outer 
margin side (i.e., the side on which the electrode is to be formed) is peeled off. When 
this is done, liquid crystal layer 4 is peeled off along with the ITO-coated insulating 

20 film (comprising insulating film 2 and conductive film 3). As a result, the conductive 
film of the lower ITO-coated insulating film is exposed. The electrode is formed by 
applying silver paste to this exposed ITO conductive film. The method of forming an 
electrode using this silver paste is the same as the conventional method. 

(17) FIG. 3 shows the structure of light control glass employing a liquid crystal film 
25 that has been formed in this manner. Glass sheets 12 are attached, via intermediate 

films 11 of PVB, to both sides of liquid crystal film 1 on which electrode 10 has been 
formed. 

(18) FIG. 4 shows the cross-sectional structure of liquid crystal film 1 on which the 
aforementioned electrode has been formed. Silver paste based electrodes 10 are 

30 formed in the manner described above on conductive films 3 on upper and lower 
insulating films 2. Grommet terminals 13 are fitted to these electrodes 10 and are 
connected to AC power source 14 by way of lead wires. Controlling the voltage 
applied by this AC power source controls the driving of the liquid crystal, whereby the 
amount of transmitted light is regulated. 

3S (19) FIG 5 shows an example of the configuration of a cutting jig for forming the 
aforementioned cut. Cutter 5 is attached to micrometer 7. Micrometer 7 is mounted 
on slide base 8 via holder 9. Numeral 15 references a spring for returning cutter 5. [8] 
The tip of cutter 5 is positioned with high precision by micrometer 7. 

(20) The tip of this cutter 5 is made to project from the underside of slide base 8 by 
40 micrometer 7 so that the optimum depth of cut (as described above) is obtained, and 

the cut is formed by sliding slide base 8 along the surface of the liquid crystal film 
while applying a moderate load to the slide base. 

(21) As an alternative to this configuration employing slide base 8, it is also feasible 
to employ a roller bearing that rolls over the surface of the liquid crystal film. In this 
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case, the cut is formed in the liquid crystal film by making the cutter project 
downwards from the bottom of the roller bearing and causing the roller to roll over 
the surface of the liquid crystal film. The amount by which the cutter projects can be 
minutely adjusted by the micrometer. It is also feasible to attach a fixed weight co the 

5 roller so that it travels under a constant load. Alternatively, the roller can be mounted • 
on a guide rail or the like and can be made to travel by an electric motor. Such a 
configuration enables the cutting load and cutting velocity to be kept constant, so that 
the cutting operation is performed with a high degree of precision and a cut of 
constant depth is accurately formed. 

10 (22) We now present the results obtained when cuts were actually formed on liquid 
crystal films by means of the slide base type cutting jig depicted in FIG. 5. A cutting 
line of depth 90 microns was inscribed in the 125 microns thick A surface [9] of a 
liquid crystal film by means of the cutter of the aforementioned cutting jig. When the 
film was peeled off along the cutting line, the layer of liquid crystal composition 

15 simultaneously peeled off, uncovering the conductive film surface of the B side film. 
We then inscribed a cutting line in the B side film on the opposite Side to the 
aforementioned processing side [10], and likewise uncovered the conductive film 
surface on the A side. Electrodes were made by affixing copper tape to the respective 
conductive film surfaces and electrical operation made possible by connecting lead 

20 wires. Finally, safety glass was applied. The results of measurements of the electrical 
characteristics for n=10 [113 are given below. Problem-free light control glass was 
successfully manufactured. 

(23) ITO resistance: 160 to 190 n/square 
insulation resistance: 7 - 8 * 10* n S/cm 

25 high voltage test: no abnormalities 

Advantages of the invention 

(24) As has been described above, according to this invention an electrode is formed 
after exposing conductive film surface simply and reliably and without causing 
problems such as short circuits between the upper and lower conductive films. This is 

30 achieved by using a cutter to form a cut of appropriate depth and then peeling off 
film. Consequently, a conventional resin injection step is not necessary, the number 
of processing steps is decreased, manufacture is performed efficiently and in a short 
time, and manufacturing yield is improved. At the same time, expenditure on items 
such as resin material is cut, problems such as the formation of air bubbles 

35 accompanying resin injection do not arise, the entire surface of the liquid crystal layer 
can be effectively utilised as the operating region, and a more compact light control 
device can be realised. 

Brief Description of the Drawings 

FIG. 1 is a cross-sectional view showing how a cut is formed in a liquid crystal 
40 film by the electrode forming method of the invention. 

FIG. 2 is a perspective view showing a liquid crystal film — in which a cut has 
been formed in accordance with this invention — being peeled off. 

FIG. 3 shows the structure of light control glass employing a liquid crystal film in 
accordance with this invention. 
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FIG. 4 is a cross-sectional view after electrodes have been formed on a liquid 
crystal film in accordance with this invention. 

FIG. 5 shows the configuration of a jig for cutting liquid crystal film in accordance 
with this invention. 

Key to drawings 



I liquid crystal film 

2 insulating film 

3 conductive film 

4 liquid crystal layer 

5 cutter 

6 hold-down member 

7 micrometer 

8 slide base 

9 holder 

10 electrode 

II intermediate film 

12 glass sheet 

13 grommet terminal 

14 AC power source 

15 Spring 
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TRANSLATOR'S NOTES 



l. 
2. 

3. 

4. 
5. 

6. 

7. 
8. 
9. 

10. 

11. 



The Japanese word that I have translated as "margin" is used here with the implication of 
the vicinity of an edge or side, rather than the very edge or side. 

The subsequent detailed description of the invention indicates that the writer is here 
meaning the combined thickness of either the top or bottom combination of insulating film 
and conductive film, nor the total thickness of both pairs of films. 

The Japanese term that I have translated as "light control glass* is typically used to signify 
large panels of safety glass between which is sandwiched liquid crystal sheet. However, it 
may also be taken as indicating any glass whose transmission/absorption/reflection 
characteristics can be controlled. 

Sic. I do not know what type of Mylar this Is, 

Paragraphs 8 and 9 are exact re-statements of the claims. 

Sic. The Japanese is ambiguous here. An alternative translation would be "shorting 
between the interiors of the conductive films". This latter would presumably mean shorting 
between the two conductive films opposing each other across the liquid crystal layer. 

This specification does not mention that 6 in FIG. 2 references this hold-down member. 

Sic. I am unsure what the writer means by this. 

Neither the text nor the drawings gives any further explanation of this nomenclature. 
Possibly, "A* could stand for "above" and the subsequent for "below-. 

Sic. The writer is presumably referring to the opposite edge of the liquid crystal film - see 



Sic. The writer presumably means that measurements were made on 10 samples. 
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INT.CL. : G02F1/1343 

T T TLE : FORMATION OF ELECTRODE OF 

LIQUID CRYSTAL FILM 



ABSTRACT : PURPOSE: To expand a light control region, to simplify the process 
without shorting of the insulating films from each other , to 
efficiently execute an elec trode forming operation, to improving 
productivity and eliminating a trouble such as air bubbles as 
well by formig a cut on the insulatig film on a front surface 
side and pullig apart the insulating film on an electrode forming 
part side along this cut. 

CONSTITUTION: The liquid crystal film is formed by laminating the 
insulating films 2 consisting of polyester, etc., via conductive 
films 3 consisting of ITO films, etc., on both front and rear 
surfaces of a liquid crystal layer 4. The cutting is formed by 
means of a cutter 5 on the insulating film 2 on the front surface 
side of the liquid crystal film 1 along the electrode forming 
parts. The liquid crystal film 1 having the cutting is retained 
on the inner side (liquid crystal operating part side) by a 
retaining member 6 along the cutting and the outer edge side 
(electrode forming part side) is pulled apart. The liquid crystal 
layer 4 is peeled as well together with the insulating film with 
the ITO film (the insulating film 2 and the conductive film 3). 
As a result, the conductive film of the insulating film with the 
ITO film on the lower side is exposed. 
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